28 January 2004 .METHOD FOR REMOVI NG A DENSE CERAM C THERMAL BARRI ER
COATI NG FROM A SURFACE BACKGROUND OF THE | NVENTI ON This invention rel ates
to renoval of a coating froman article surface, and, ggre arahﬁylarly,
to renoval of a dense ceramic coating froman article Y4 ay ch

i ncludes at |east one of Al, Ti, C, Zr, and their oxides. Gas turbine
engi ne conponents, typically turbine section blades, 5 vanes, nozzles and
shrouds, are designed to operate at relatively high tenperatures. During
operation, such conponents experience strenuous environnental conditions,

general | y becalMETHIID FQREMOYIBICEACRBNSEICER ANIIE THERMANBATRRIWRES to a
gaseous at nosphere of rapidly flowng air and roducts of turbine engine
fuel conmbustion. Therefore, itC(HégTb%éﬁR@MrﬁaS IRFATB in the turbine engine
art to enhance conponent operating life by applying various types of

surface protegti envi I ' coatings or coating
conbi nat i ons%&dggmmgmiﬁﬂtomonem s. Typical wdely
reported coatings on alloys that include Ti and/or C include netallic

coatings frequentifhid AflendbRGeRltes 68 EMbGaL 80k IBERNng TPBm M APAEL s\riech, are
15 called thermal barrier coatings, and their conbihations. During

oper ati on of asdictnogapatticilarly, engmevardfiactesse ceraniid ovating flven ahhativik

cycling of the engine or the inpact of atnosphere borne particles or their
conbi nati on Wé‘ga“f’f’e‘éfhlcé'b@éiu@é #&@58@%%@5}3@@@@%@@%@%&@@?5_- Repair of

t he'plamage frequently requires replacenment of the surface 20 protective
berwoon coat 1 ngs SR8 FREER ot (Eiefindlle, BrpchRr CRBLE BpubRblaaes, o
A, The coat NG I hel ad g an LGl portiON dl fsed  hto A Substlate or
surface of 1temperatures. During operation, such components experience strenuous
environmental conditions, generally because the components are exposed at
the high temperatures to a gaseous atmospﬂere of rapidly flowing air and
products of turbine engine fuel combustion. Therefore, it has been a practice
10 in the turbine engine art to enhance component operating life by applying
various types of surface protective environmental resistant coatings or coating
combinations to exposed surfaces of such components. Typical widely
reported coatings on alloys that include Ti and/or Cr include metallic
coatings frequently including Al, ceramic coatings some forms of which are

15 called thermal barrier coatings, and their combinations.

During operation of such gas turbine engine articles, reaction to the
thermal cycling of the engine or the impact of atmosphere borne particles or
their combination has been observed to cause damage to the component.
Repair of the damage frequently requires replacement of the surface

20 protective coatings, that can have metal oxides at an interface between
coatings or between coatings and the substrate. One commonly used type of
environmental resistant coating is a metallic coating including the element Al,

the coating including an inner portion diffused into a substrate or surface of
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28 January 2004 the article. A description of forns of such coatings and a
method for renmpval froma surface portion is included in U S. Patent
5,728,227 - Reverman, (patented March 17,1998). A for f ve
menti oned high tenperature ceramc protective 5 coatigggg?%%ﬁ%%?ﬁ§ IS
called a thermal barrier coating (TBC). or TBC system Exanples have been
reported in such U S. Patents as 4,055,705 - Stecura et al. (patented
Cct ober 25, 1977); 4,095,003 -Watherly et al. (patented June 13, 1978);
4,328,285 - Sieners et al. (patented May 4, 1982); 5,216,808 - Martus et

al . (pat ent efhelirtiele8, A UIEFIptiom df FordEbof/stirh coatipga aatl sinetiigrhfaanteatbvalgust
17, 10 1993). TBC frequently is applied over a netallic environnental

coating to fseoviadsurfaqee@ostioncin irrbudad |inol .S dfatane S1B8 %37 es dreverman,

di fferent kind, of rob renoval of a netallic coating, particularly
when the TBJﬁagentagﬁ\g%rchﬁ?, iﬁ%t antially non-porous to chenicals intended
to penetrate the surface of the coating. For exanple, it is a practice to

deposit a substanhi @y of $hd dbb¥e $RAKForddChitH Rin é}%uﬁ%@ﬁﬁﬁ@ywte@ﬁaél abl e

chem cal vapor deposition process. Application of an acidic solution to a

TBC coati ng sutingcheqhienthe & tallehaniheaibal bairtidy continge(fBE) ohdBEespstem. i s
time consum ng and, nore inportantly, can enlarge the size of and change

cool i ng ai r Examplesteygrbegnirepertediin gushdhPnbatentsas 4023 (ix e gtecira gbahbove

i dentified ver man tent ,-2 Qv [ n_artl has
i ncl uded exE@’é‘ﬁ?&g‘éf@%HEer 35+ do7 D0 BB 00, WealtkBR B0l (aferfed b B %0
penetrate t t a thepapdidghpa, 196237 5 216808t aerushe TBC
and the sub?ﬁ@#e@zé%g%l ggeng%g%guch@raeported ﬂ?ret hodzg are included in U S.
Pat ents 4, 884, fRflenteltitoiert) 998 aineind, 286, DT e ibeptadfi,al 1§8Mntad A e D54 -
Reeves, et al. (patented March 25 25, 1997). However, treat rrea% of a dense
TBC, pafti cul%B)y TBG freauentiyais gpplied oyenenmetatbe enyiongnentahfodEdd8s can

be very ti nepr%(x)fri] e raﬁ %}r;s m. ! RERRH2E 8t cSR3kicBC presents a different kind of
problem than removal of a metallic coating, particularly when the TBC is

dense and substantially non-porous to chemicals intended to penetrate the

surface of the coating. For example, it is a practice to deposit a substantially

15 fully dense TBC using the commercially available chemical vapor deposition
process. Application of an acidic solution to a TBC coating surface, to react

chemically with and remove the ceramic, is time consuming and, more

importantly, can enlarge the size of and change cooling air flow through air

cooling openings, as discussed in the above identified Reverman patent.

20 Removal of TBC from an article surface has included exposure of the
outer surface of the TBC to a halide intended to penetrate the outer surface
and then attack the interface between the TBC and the substrate. Examples of
such reported methods are included in U.S. Patents 4,889,589 - McCormas
(patented December 26, 1989) and 5,614,054 - Reeves, et al. (patented March

25 25, 1997). However, treatment of a dense TBC, particularly a substantially
fully dense TBC, using known methods can be very time consuming and,

therefore, costly.



2 28 January 2004 BRI EF SUMVARY OF THE | NVENTI ON The present invention, in
one form provides a nethod for renoving a dense ceram c thermal barrier
coating (TBC) froman article surface over which the TBg | ' ed. The
article surface includes an edge at which at 5 |least a ?(()grjtaﬁ%%lyo%pagn

I nterface between the article surface and the TBC is. exposed. The
interface includes at | east one material selected fromA, Ti, C, Zr and
their oxides. The method conprises subjecting at |east the exposed
interface to a reducing gas at a tenperature of at |east 1600F .(871.11 C}

for a time BRIEFGUMMARYOFTSIRBEIVENTIEONtrate the interface by converting
to- a gaseous to conmpound at | east one material of the group at the

interface, and for TBC to_ be renmoved by separation fromthe article
surface. DETAI LE@I@@S@%@Wmm,memréﬁmpmiaes asmefhoghfortrenttivirg angi ne

conmponents t;.0 which t.he,present .invention een applied include an air
. cool ed tur*bfiﬁgseeﬁaﬁaﬁélcvg‘ﬁémé‘ggﬁéﬁ?r f8alypg t(ﬂg%sygenh@gcﬂtﬁé@l susfage Dvarat ent
5, 813, 832 - wiRas . -]gﬁe nt . 12UC . article
i ncl udes at wi easlﬁtéoﬁgcégrﬁielé [ sgbsfétge e %Aggﬁﬁé%a?cé%é%ggﬁﬁdgﬁ agdfaﬁﬂpﬁk?énd. In

one enbodi niwabt atpertioanef wasintedsce bbtviedN R SEHEHPRIPIdONnd SABBFBOES
referred to as Rene’ N4 alloy, nomnally conprising, by weight, 9.8%C,
0.02% Zr, 7expesed, Thedogeafacedngludes at leasbone materiabsaldctad EormaAl, @i, IGHH Hf

with the b ,ancg%. I n anotoll},%rS fqr t he yaneH‘B@s_ made, of a Co base

al l oy, sonefffd PP ides meihsl sPpyisen SHPIesHng atdgagt thei exposed -
wei ght, 10%;Ni 90 9 0 ; ' al ance
Co. STo' pr of aberiadlfatedudng s’y Poffefurer affet 0B ¥l 1146} for b fnc”

t enper at ur esuffieieat ifog tiko s ttb Opendtiaté thel ehicdfed B 6219&‘&&%'&? bages of
“25 such an article in thgdgas fl ow stream have in)glcuded a outae geram'c

" TBC d®at i ripmpewrdahleapt ppe goaterinhof tre giaup antlieninderfaes, alnd for GBE itog:

be removed by separation from the article surface.
DETAILED DESCRIPTION OF THE INVENTION

Forms of gas turbine engine components to which the present
invention has been applied include an air cooled turbine engine vane segment
15 of the type described in US. Patent 5813,832 - Rasch et al. (patented
September 29, 1998). Such an article includes at least one vane disposed
between an inner and an outer band. In one embodiment, the vane was made

of a Ni base superalloy, sometimes referred to as Rene’ N4 alloy, nominally |
Cf:jmprising, by weight, 9.8% Cr, 0.02% Zr,7.5% Co, 4.2% Al, 3.5% Ti, 1.5% Mo,
20 6% W, 4.8% Ta, 0.15% Hf, with the balance Ni. In another form, the vane was
made of a Co base alloy, sometimes referred to as X-40 ailoy, nominédly
comprising, by weight, 10% Ni, 25% Cr, 2.5% W, 0.2% Fe, 25% Y, 0.05% C,
with the balance Co. To protect some forms of the article ﬁom the s&enuous
high temperature operating conditions it is designéd to experience, surféées of
25 such an article in the gas flow stream have included an outer ceramic TBC

coating, frequently in combination with an inner metallic coating. -



28 January 2004 One formof a netallic coating, applied to and diffused
with'the article surface, includes Al. One exanple of such coating,
sonetinmes called Codep alum nide coating, is comrerci alzlsxlaﬁggr'glz%e%e and is
‘described, in one form in US. Patent 3,667,985 - Levine e I~ (pat ent ed
June 6, 1972). Another widely 5 reported and commercially used netallic
protective coating is the MCr-Al-Y type of coating in which the "M is
Fe, Co, Ni, or their conbinations. Another type of nmetallic protective
coating is the Pt-Al coating which has been provided by el ectrodepositing
Pt on a surface aDdetfbrn cdlaumetdllic ngatitgtappdiedf tacend 8iffusedowithtthearkflet he
surface, elenents of the coating, particularly A, 10 are diffused into the
article surfagfaceoindydernl Gneexample elstchetrating sematimes eallad godap

oPPl 1 211 O Aot ARS SR M Al e RS R 35
above- i dent itiseebafiRer SEYLERAL PRYiAS: ReAmhwRRA JuHa%h,GoraN ARG CAMdpO. as

the outer coating portion of the 15 co nati on, has been applied o

metal | i £ al weportdd dandpeomineroiallyngsedvdmietdilit lpeotebice restindgés thenki-CpaXltY on of
t he coating conbi nation, One referred method for depositing the ceramc
TBC i s by t H¥PE&frerEnRgmn Wéh@lnﬁzeaM/aﬁ)Se, depdyiaritheir seathinetions. Apgihges a

derse, 51 0RO ShF, AMISHOLL AR 1, PRI TSR L, =
removal pri %robﬂiéc?%g"r éle@{rﬁﬁéﬁb@iﬁngsi’f‘%n KM@W%enuﬂﬁnﬁiﬁcﬁHg%@' S

that can attack the ticle surface in areas at which ceramc coating is
not present sukrfaceeFanpretection of the sudfacy) ebtmaents of the ogating, paptailagy, Alcan
en| arge the openi ngs_ and change desjign_flow of cooli ng alr. 25 The present

i ivent tbn  utare diifysedhindq she artiqle surper forrxampla by arkeatimptment g bpating
surface, the.interface i,ncl.udin t least o mat erj selected fro Al
TRe S "l R RGN’ B (B0 CeBRRk, PIROR L khifiacd Shefice el A

diffused coating requires repair and removal of the coating, the method of the

above-identified Reverman patent has been used.

The ceramic TBC coating, as the outer coating portion of the

15 combination, has been applied over the metallic aluminide type of coating,
which then becomes the inner portion of the coating combination. One
preferred method fof depositing the ceramic TBC is by the commercial
chemical vapor deposition because it provides a dense, and in some forms
substantially fully dense, ceramic outer barrier. However, the dense nature of

20 such TBC on an air-cooled article makes removal prior to repair difficult using
known methods. Use of chemicals that can attack the article surface in areas

at which ceramic coating is not present, for example in surface connected
cooling air openings, can enlarge the openings and change design flow of

cooling air.

25 The present invention utilizes an exposed interface between a TBC and
an article surface, the interface including at least one material selected fromi

Al, Ti, Cr, Zr, and their oxides. Frequently there is at the interface an inner

4



4.28 January 2004 netallic coating that includes Al. The TBC is renoved by
separating it from the underlying surface without damage to the article

structure. For exanple when an article such as a gas tugbj hhe
airfoil, band, strut, shroud, etc. has an outer |ayer 2f8‘fgn%g%?ﬂe TBC

generally term nates at an edge, such as a 5 tip, of the article. This
exposes an interface between the TBC and the wunderlying surface,
frequently an inner netallic coating. herwise, an interface can be

exposed su - by -mechani.cal renpval at _an edge. During operation of an
article at C‘E‘F%\% %a%%@?é?aﬂé‘gs HelaPhe, FB isiramoveddiy separating itrfoah oxi de
of at | eastghormdef] :  { k] nd if present, can 10 form
at least at the inter 3@%@%%%@3%%8@%0 &FCW%F%MEW%nEPBPXMS at
the interf achken anustdlel suchhe #1785 0bihBRRIALRirtdl, HARRY Sl P& 1QUL S o LBC from
the article surface. Accordi ngg?g a form %?ﬂtﬁ]goglr’esenf gﬁﬁge’%&#'&ﬁi et | east
the exposedas@posteniager of & UIBCs ¢the TBbgenet sl tirfGng@s a€ anRHES| dighasha! ogen

at a-tenperature; 15 of at | east 1600F (871.11 C) for a tine sufficient for
‘the hal ogeh®Pr OOngHeetaF ¢le- ¢ ﬁ@“s iGYPerenea, inigrfaes thetyeen thea¥BCoaadofhd he

materials Qndedlki r LM .. oxides t aseous conpound. In the
above comnbi nafi gﬁlgg)sg{:%% ?%g{u%ﬁgyoarm PRV ‘Hﬁ%ﬂ@&%&é@g- c&therwisg. fanom t he
al uni ni de inteefacecai ba@xpbesd S¥ENBE Dy miePhidiEal &F‘dm f lhngr _caoating,
t he hal ogen can conver rrgt eri al fromyt he 20 a?talféc e s&?ﬁélgéeh eégl?&f'ﬁ'gt he

TBC. ConvePBf@Hosfofarcartivie at elevated enyzerabires uadepoxidizin: ddgorss, Bal i de,
t

fromthe interface separates the, quter TBC. Typically, e TBC separ ates
and falls F}eg%?’ﬂ eéﬁ,ﬂ?&g%sttq;le\,m elempnds ¥de b1, Gpnd 6%, ifrpresent, dancussed

i'n the aboygni jof 1 N~pat en a hal age 25 such as in the form
ofi a fl Hor g HE %%%t%ﬁg%é\ég{ag%f He, rﬁ%éémgoogtsgﬁﬁﬁ tgpncdpyoxidesintt o a
gaseous hatliediatdrface isaesedriepgiet Srbsbht ﬁ%ﬁﬁUn% e AR fhe 8ter TBC from

the article surface.

According to a form of the present invention, -at least the exposed
interface is subjected to a reducing gas comprising a halogen at a temperature
15 . of at least 1600°F (871.11°C) for a time sufficient for the halogen to penetrate the
interface, converting at least one of the materials Al Ti, Cr, Zr, and their
oxides to a gaseous compound. In the above combination coating, Al and/or
_ aluminum oxide is converted from the aluminide inner coating. For example,
in the absence of an inner coating, the halogen can conver material from the
20 article surface beneath the TBC. Conversion of such material to a gaseous
compound, such as a halide, from the interface separatesr the outer TBC.
Typically, the TBC separates and falls from the surface to which it had been
applied.

As was discussed in the above-identified Reverman patent, a halogen
25 such as in the form of a fluoride ion for removal of surface contaminants by
conversion to a gaseous halide have been reported in such U.S. Patents as

4098450 - Keller et al. (patented July 4, 1978); and the Chasteen patents

5



4,098,450 - Keller et al. (patented July 4, 1978); and the Chasteen patents
5 28 January 2004 .5 4,188,237 and 4, 405, 379 (patented February 12, 1980

and Septenber 20, 1983, respectively). Revernan recognizﬁe%nag‘,g?oﬁ posure
of . diffused Al to a reducing fluoride gas, typicallyydrog uori de
gas, can draw or convert A fromthe diffused portion w thout dinensional
.change by reacting the AIL. with the gas at a tenperature of at | east _
1600F(871.11 C) and for a tinme sufficient to deplete Al fromthat portion.
Because a formof the gresent i nvention enploys the subject matter from

t he Rever mafv 15828 @ndi GA0T 37 Gritented Fétruad) 32, mr@l@geb@%@%qg@] et oy

patent 5, 728 22%, ffo colum 3, line 28 through colunn 4, |ine
i's i ncor por SPBECHESIR 'n%v?’é?%‘ﬂe‘fﬁ%gntzédwﬁtngxmmﬂwaoﬁ-@iiffux‘;ed h&l goeaent

i nvention, adRas ' i.pe. air - cpol ed hi gh, pressure_turbine nozzle,
of a generallae typ g@#@ré}% f?ﬁlggilgﬁgﬁog?p g“‘&b&‘%ﬁe-‘-‘?ﬂéﬁ?ﬂ’f PegoReRréh et
al . patent Ah€roshahe affufePpoPReH Wiftthdt i ' Lne S A)
exam ned. T_heibtgi rfoil of thgonozzl elﬁ\?\?adst m(fgéﬁng%%%ﬁeggggggg&%ﬁ% ‘f\iled
Rene' N4 NiWiHe gag gha fanpasgture of at fesst #6QD° B(SFA P @BardOior A timepseicRSt i/ ©

coating on qlle&a %urfaﬁ_es rstﬁb' ect to the engine flow path. The conbination
coating i ncISRIEE A AR Pogten. abgruseda fOrdewfcdet present dnwiticr ng a.

portion difd | L0 i ' I syrface, and a dense ceramc TBC
conpri sing éﬁgﬁ?sQ@EﬁM%)t% ?%%rm?é% ttéﬁﬁ%v’%‘a‘aw Paeshdor canyenienss the i a
-appl i ed bydisdlestireadf theFuvet@RASHAteRNS OBI227N frol L ldra
observed 20 that damage, such a?cr,ack?r?gfzzzégogggﬁliur[%g%f !)‘R?r?é ‘QW‘H%H of
. the nozzl e cehtmnde hiae22 hesebeinincerporietidieteiepaidfecaebd be initiated,
however, it was deened necessary to renove the conbination-coating from

‘the syrface. of the ai rféﬁlil. and any oxides fromw thin cracks. Because the
article had beerr BP8% £Vatation ak the pressat Anvntiore aegas herbine engine air-

cooled high pressure turbine nozzle, of a general type similar to that shown in

the above-identified Rasch et al. pafent and that had beén operated in a gas
turbine engine, was examined. The airfoil of the nozzle was made from the

‘ . above identified Rene’ N4 Ni base superalloy. It included a combination
15 protective ‘coating on its surfaces subject to the engine flow path. The
combination coating included an inner diffused aluminide Codep coating,
comprising a portion diffused into the Ni alloy surface, and a dense ceramic

TBC comprising abogt 92 wt. % zirconia stabilized with about 8 wt. % ytiria
applied by chemical vapor deposition over the inner coating. It was observed

20 that damage, such as cracking, had occurred to the airfoil of the nozzle and
repair was required. ‘Before repair could be initiated, however, it was deemed
necessary to remove the combination coating from the surface of the airfoil

and any oxides from within cracks,

Because the article had been operated in the flow path of the engine,
25 the surface of at least the airfoil included oxides and other surface
contaminanls resulting from exposure to products of engine combustion,

including oxides in the crack. In addition, the interface between the TBC and

6



25 the surface of at least the airfoil included oxides and other surface
contam nants resulting fromexposure to products of engi ne conbusti on,

i ncluding oxides in the crack. In .addition, the |nterf§%e P @@ﬁg the TBC
and 6 28 January 2004 the inner coating included oxides at ? The
outer surface first was cleaned nechanically by ordinary grit blastlng
using 120 nesh alum numoxide grit to renove the outer surface

contam nants. According to a formof the present invention, the ceramc
outer TBC 5 then was renoved by exposing the airfoil in a furnace to a
reduci ng haktlgémnédrmedatti;mgf inchaded axidle tat 1€aselof O UThE cutdd sidfacFiRMdsQgen
fluoride gas, (in the  range of about 6 -- 20 wt. %9 wth the bal ance

pri nci pal | yclepaed gagchanic byaarﬂ.many igmitr blasting hising 1200mesh aduadtm

w thin the L3 e of . about OOOF 871. 11 G 982.22C). This enabled the
hal ogen to pe ?é&té’rgﬁm ‘F"rﬁ‘x‘at C;?ccé‘“l'ff’e‘%‘{ﬁtf‘é'r‘isthe i nner 10 al umi ni de
-coating and the outer TBC from an exposed edge of the airfoil, converting

at least At and/ @Icc@fdiﬂ'grlwﬂ eHE ST the Eé}ﬁ il %Eéo?umeag 2 c%utgraigatjl ng.

al um num fl uori de conmpotind and separ at| ng the rom I nner
Obser vat i ontlien whe réonoved yaétposisg the hirfoil ireatfusheead 4 i—@;&ﬁngm@og&}\eet S
|

of the TBCse ted fromthe airfoil and Iylng beneath the treate S
article. a'&' ggﬂhf’ﬁﬂl‘ﬁﬁ‘t@fe phabaqwcd Fr¥nwithé hydioges fuertide gasi(in thes been

observed t h C a nt er t. the interf can depl ete some
ofS t\rlle al Bfnatnrﬁtf gﬁégg#tﬁeg%(gﬁv o ‘ihlng%a qp&’\ﬂﬁﬁﬁ“@dﬁ?@?‘?ﬁ%‘l gg‘t’f for
depl et Qﬂsbutwaf’ﬁm@ﬁt étﬁﬂut 1§@t§>$€(93@92 G)waﬁﬁ}q:tﬁ@ﬁﬁ%’;ﬁbf ai%ht%ﬁbft 265@13# (§TPPPHE

to a 20, reducing has been conduct
i nt er me38Aee mrrﬂ‘)ﬁ&ﬁ?'@!ﬁ‘l‘ théefrﬁ&mn tapepefate ﬁﬁ@ﬂpwdtlﬂtﬁ@amfﬁwemml iger | n the

- above speC|f|c exanpl e, after such renoval of the TBC, the Fractlce of the
"Rever 1% b‘mﬂ'\‘/&s thepoutarpUBC tfremban sxpesed adge of the airfoil,

Convertmg at least Al and/ or aluminum oxides from the inner surface to a

gaseous aluminum fluoride compound and separating the TBC from the inner

coating. Observation in the furnace after such treatment showed flakes and

sheets of the TBC separated from the airfoﬂ and lying beneath the treated
15 article. -

During separation of the TBC from the article surface, it has been
observed that the reducing gas, entering at the interface, can deplete some of
the aluminum from the inner coating as well. When additional Al depletion
was desired, subséquent to TBC removal, an additional exposure tﬁ a

20 reducing gas has been conducted, ‘with and without an intermediate

mechanical removal of the inner coating outer portion.

In the above specific example, after such removal of the TBC, the

practice of the Reverman patent was conducted to femove the balance of the

-inner aluminide coating by first grit blasting the outer surface of the ‘inner

25 aluminide coating with a finer 240 mesh aluminum oxide. Then Al was
depleted, along removal of oxides in the crack, from-the remaﬁﬁng surface to

- provide an article surface in a condition for subsequent repair. This latter step
: 7



inner alum nide coating by first grit blasting the outer surface of the
inner 25 aluninide coating with a finer 240 nesh al um num oxi de. Then Al
was depleted, along renoval of oxides in the crack, fr?rgj he_r i, Ni ng
‘'surface to provide an article surface in a condition f QR t
repair. This latter step .7 28 January 2004 was conducted in a furnace
under the sane conditions as the renoval of the TBC Cbservation of air
cooling holes through the surface of the article showed substantially no
change in dinensions. Although a N base superall oy was evaluated in the
above speci f iwas eorskumted é ai fursacuitdd ethenstens tonditiomatasotheeensivad of ahe

al l oys, for Co base all oys, have been treated in accordance with
t he present m&@%"%#‘ Ogméﬁpgﬁgel,wlﬁﬁeﬂ‘ﬁ?'é&lé e pHidaee &f thesapicle

descri bed i nSﬁgmﬁﬁs&ib%%qﬂ%lgemls‘%?%iiﬁ_mggioﬁ, enbodi nrents and

conmbi nations, 1ncC incorporated portions of the Revernman
patent. It will be understood by those 10 skilled in the relevant art that

this invention is Aapalie aONidaserdiuferalddy vkvaluatdd gRtheaBlive SddiHAS
and variations without departing fromits scope as defined by the appended
claims, St 8 egadpeidt shoddsbauntkstoad that ethae skbsirdte ralloyspforreyampde (e

ceramc therpal barrier cqating (TBC) fromarticle surface over whigh the
TBC i s di spogg%e. ?ﬁ‘?ﬁ%ﬁ?’?&lﬂe@ ‘Eﬁthd% aicﬁﬂc{i?a'Fﬂd"@h the pgeseqft INFRTPt 1(‘:‘P"east
a portion of ' . ar pLcl u ! '
exposed, th ec?l#éerp{ag%efé ariﬁ% cﬁ% }é\ﬁg ﬂg]t;éﬁ%ggls Ph% rl]% e?‘ra(?éesr%?%faagg‘ gg’?%e -Eﬁﬁo knﬁgh e
group consi sgp&gfiefexAmplds,, emBodirden®nand "inibioxties, ircidinigs tiiget e tisd ep
of : subjecting at |east the exposed interface to a reducing gas at a
tenper at ur e tfcogporated portions of the Reverman patent. It will be understood by those
o7

10 skilled in the relevant art that this invention is capable of a variety of

amplifications, modifications and variations without departing from its scope

as defined by the appended claims.



| east 1600F (871.11 C) for a time sufficient for the gas to penetrate the
interface by converting to a gaseous conpound at |east one material of the
group at the interface, and for TBC to be renoved by s ti 0 romt he
article surface. 2. The nmethod of claim1 in which: the%[%?r?ﬁ%%{?&bé is in
the range of 1600F- 2000F (871.11 C-1093.33C); the tinme of subjecting the
exposed interface to the reducing gas is 2-10 hours; and, the reducing gas
is a mxture of 6-20 wt. % of a hydrohal ogen gas, with the bal ance
principally gen gas. 3. The nethod of claim1 in which the reducing
gas is 6- 1499%‘.% hydrogen) fluoride gas, with the bal ance principally
hydr ogen gas. 4. The nethod of claim1 for renpving fromthe article
surface a combi nat [ Sy . i.nne ' '
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and (b) a dense over the outer portion e 1nner ¢ g, conprising
the additi ohBC istexposdd, dhe intedagsy licludingt alcleFRCnsf matariabjseletieddfrarhdhexposed
di ffused in d Al | ; LSl - % hal ogen
gas, with tﬁghggﬁgﬁ%gagrf %E\g‘p(gr? ?@é’wg‘?igg’éﬁgg%@t'ggg ﬁ‘é*ﬁsge r af'E ure of at
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mechani cal ly renoving the outer portio e I nner coating to expose the
diiffused inner coating portion. 6. The nethod of claim4 in which: the

reducing gas 1S hdThngitiioor Qe PR Which: the TrdlSBRAL AL Afe ofiblo e
‘bal ance pri nci pal | rogen gas; t_ﬁe tenperature is in the range of
1600F- 2000F2Q®gli _@i’{-d"ﬁ} 9B.35G ). 3he tine efrmubiectirg the exposed interface to the

reducing gas is 2-10 hours; and, the reducing gas is a mixture of 6-20 wt. % of a
hydrohalogen gas, with the balance principally hydrogen gas.

3. The method of claim 1 in which the reducing gas is 6-14 wt. %
hydrogen) flucride gas, with the balance principally hydrogen gas.

4. The method of claim 1 for removing from the article surface a combination
coating comprising (a) an inner coating which includes the elemeht Al, the inner
coating including a diffused inner coating portion in which at least Al is diffused into
the article surface and an outer portion of the inner coating over the diffused inner
. portion, and (b) a dense TBC over the outer portion of the inner coating, comprising
the additionat step after  removal of the BC of:
subjecting the exposed diffused inner portion to a reducing gas comprising 6-20 wt.
% halogen gas, with the balance principally hydrogen gas at a temperature of at
least 1600° F (871.11°C) for a time of at least 2 hours sufficient for the haiogen gas
to deplete Al from the diffused inner coating portion substantially without
dimensional change of the article surface.



time of exposure is in the range of 2-10 hours. 7. The nethod of claim6 in
which the mxture is 6-14 w. % hydrogen fluoride gas, wth the bal ance
princi pally hydrogen gas. 8. The method of claim1l in i.Ch the .article
surface is a surface of a turbine engine conponent thg{ygh%QuB@ 0f)‘per at ed
in a turbine engine and surface contam nation is on the TBC, conprising
the step, prior to subjecting the interface to the reducing gas, of

mechani cal ly renoving at |east the surface contam nation from the TBC. 9.
The nethod of claim8 for repairing the turbine engi ne conponent that has a
crack that includes oxides therein, the article surface including a

conbi nat i on5. coalhegnatoehpef slring 4(ia)which,i priverto cubjectimp Wie expdsad |diflesdt he

el ement Al, ' r ' ' ' [ i j rtion
T whi ch ot "ToGEPARS"to e TLlRa 5o b e of inbAREe AR RESINIDER: .,
portion of porion ahtbe inneatoatggde expashkdheldifftssbdnénuoating partieii.on, and (b) a
dense TBC over the outer portion of the inner coating, conprising:
mechani cal ly renoving at |east surface contami nation fromthe TBC,

removi ng TBE fr oihe hethmgt ofclayo it in ovhicht thehrediicing gas tad mivguieyof €42 ett%ng at

| east the pas 1 ce.}.0 g.kedycin C 1 Sl N 1 xture of 6-20
w. % hydrgﬁa og rﬁfr %}%ggfe\a\,i t%ést hgwrlbjal g]%cegap!g'?%ci ggwélaﬁlhyg}@ﬁﬁ?)ﬁgaégﬁ’or 2-10
hours at a thecapweeatweds imthelrenge nt#6HIF-L2O00TF- (87000FC(1893.33°L)Cat@ABe33C) to

enabl e t he ﬁ,gggfgﬂﬁsg%qgi tﬂePEr[b%tint-ﬁJ hdigs i nterface by converting to a

gaseous conpound east one material of the group at the interface, and
for the TBC to be renpbved by separation fromthe article surface to expose

the inner coat! nghe o didefl ALY wRIAAPLN ESkLAIY RERSEHRBRILNE!

coating and the crack to a reducing gas conprising rohal ogen
.gas, with t@as,pathdhe balpndermsinpiphllyhysyegenggns. gas for 2-10 hours at a
tenperature in the range of 1600F-2000F (871.11[err] C1093.33[err]C) to

deplete Al fromthe inner coating and oxides fromthe crack.
8. The method of claim 1 in which the article surface is a surface of a turbine

engine component that has been operated in a turbine engine and surface
contamination is on the TBC, comprising the step, prior to subjecting the interface to
the reducing gas, of mechanically removing at least the surface contamination from
the TBC.

8. . The method of claim 8 for repairing the turbine engine component that has a
crack that includes oxides therein, the article surface including a combination
coating comprising (a) an inner coating which includes the element Al, the inner
coating including a diffused inner coating portion in which at least Al is diffused into
the article surface and an outer portion of the inner coating over the diffused inner
portion, and (b} a dense TBC over the outer portion of the inner coating, comprising:
mechanically removing at least surface contamination from the TBC;
removing TBC from the outer portion of fhe inner coating by subjecting at least the
exposed interface to a reducing gas comprising a mixture of 6-20 wt. %
hydrohalogen gas, with the balance principally hydrogen gas for 2-10 hours at a
temperature in the range of 1600°F- 2000°F (871.11°C-1093.33°C) to enable the
hydrohalogen to penefrate the interface by converting to a gaseous compound at
least one material of the group at the interface, and for the TBC to be removed by
separatibn from the article surface fo expose the inner coating; and,
10



10. The method of claim9 in which the reducing gas conprises 6-14 wt. %
hydr ohal ogen gas wth the bal ance principally hydrogen gas. 11. The net hod
of claim9 in which, prior to subjecting the exposed in%gr coat ;?@g and t he
crack to the reducing gas, the step of: nechanically refSveR§eYRE%ut er
portion of the inner coating to expose the diffused inner coating portion.
12. The nmethod of claim9 in which the turbine engi ne conponent includes an
airfoil including the conbination coating. 11 28 January 2004 5 METHOD FOR

REMOVI NG A DENSE M C_THERNAL RR JLNG F A SURFACE. ABSTRACT A
nmethod is pr Odlcglgﬁ%é?xrgﬁgﬁ%mn%c%%gna E%E%Prgﬁzko ?ﬁ%fﬁ%g FR FIHEoAt i ng
(TBC) from & vdr ¢4 tiydrobalpferc gasveith We tblahbe plibépally oydpmsedas tfdre2-1arti cl e
surface inc ' t.which at | o gy fo j ce
petweon ¢ hordotei 2Rl il odh e ROOEAARER A% GITRTONES Les
at | east odepletetfdfrioad the #nectading rmachofides rom thie cradk. and t heir oxi des. The
met hod conprises subjecting at | east the exposed interface to a reducing

gas at a tenperature of at |east 1600F (871.11 C) to separate the TBC from
t he articl et@ur f flbe metftik of eldincihip ghishitbe sedyoiret gas tompasds Ael4swf.f%ci ent

for the gas Qg; r : Lot e. by converting to a gaseous
conpound at h)?dggtgaff neﬁﬁ&@ﬁﬁ%kglgﬁ&; ?ﬁ‘ec'pgatkl%hg(ﬁﬁe %%S‘i nterface, and for the
TBC to be renoved by separation from the article surface. 12

11. The method of claim 9 in which, prior to subjecting the exposed inner coating

and the crack to the reducing gas, the step of: mechanically removing the outer

portion of the inner coating to expose the diffused inner coating portion.

12.  The method of claim 9 in which the turbine engine component includes an

airfoil including the combination coating.
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